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(57) ABSTRACT 
In an optical measuring device which comprises a po 
lygonal rotary mirror for reflecting an incident light 
beam into a rotary scanning light beam, a collimator 
lens for converting the rotary scanning light beam into 
a parallel scanning light beam and a light receiving 
element for detecting bright and dark portions of the 
parallel scanning light beam, which has scanned a work 
to be measured, and a time duration of the dark portion 
or the bright portion is detected, which has been gener 
ated by the obstruction of a part of the parallel scanning 
light beam by the work, to thereby determine a dimen 
sion of the work, the collimator lens is made to be an f6 
lens having such a spherical aberration that a light beam 
incident from the outlet side of the collimator lens 
toward the polygonal rotary mirror in parallel to the 
optical axis of the lens intersects the optical axis of the 
lens at a position shifted from a focal point on the inlet 
side to the outlet side by A, on the inlet side, so that the 
influence on the measuring error due to a relative dis 
placement of the reflecting point of the polygonal ro 
tary mirror can be minimized. 

4 Claims, 10 Drawing Figures 
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1. 

OPTICALTYPE MEASURING SCANNER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an optical type measuring 

device, and more particularly to improvements in an 
optical type measuring device, wherein a parallel scan 
ning light beam is utilized to measure dimensions of a 
workpiece to be measured. 

2. Description of the Prior Art 
Heretofore, there has been adopted an optical type 

measuring device wherein a rotary scanning light beam 
(a laser beam) is converted by a collimator lens into a 
parallel scanning light beam to be passed through this 
collimator lens and a condensing lens, a workpiece to be 
measured is interposed between the collimator lens and 
the condensing lens, and dimensions of the workpiece to 
be measured are measured from the time length of a 
dark portion or a bright portion generated due to the 
obstruction of the parallel scanning light beam by the 
workpiece to be measured. 
More specifically, as shown in FIG. 1, a laser beam 12 

is oscillated from a laser tube 10 toward a stationary 
mirror 14, the laser beam 12 thus reflected is converted 
into a rotary scanning light beam 17 by a polygonal 
rotary mirror 16, the scanning beam 17 is converted into 
a parallel scanning light beam 20 by a collimator lens 18, 
a workpiece 24 to be measured interposed between the 
collimator lens 18 and a condensing lens 22 is scanned at 
high speed by the parallel scanning light beam 20, and 
dimensions in the scanning direction (direction Y) of the 
workpiece 24 to be measured are measured from the 
time length of a dark portion or a bright portion gener 
ated due to the obstruction of the parallel scanning light 
beam by the workpiece 24 to be measured. 
More specifically, the bright and dark portions of the 

parallel scanning light beam 20 is detected as variations 
in output voltage of a light receiving element 26 dis 
posed at the focal point of the condensing lens 22. Sig 
nals from the light receiving element 26 are fed to a 
pre-amplifier 28, where they are amplified, and then, fed 
to a segment selector circuit 30. This segment selector 
circuit 30 is adapted to generate a voltage V to open a 
gate circuit 32 only for a time t, during which the work 
piece 24 to be measured is scanned, from the output 
voltage of the light receiving element 26 and feeds the 
same to the gate circuit 32. A continuous clock pulse 
CP is fed to this gate circuit 32 from a clock pulse oscil 
lator 34, whereby the gate circuit 32 generates clock 
pulses P for counting the time t corresponding to the 
dimensions in the scanning direction, for example, the 
outer diameter of the workpiece 24 to be measured and 
feeds the same to a counter circuit 36. Upon counting 
the clock pulses P, the counter circuit 36 feeds a count 
signal to a digital indicator 38, where the dimensions in 
the scanning direciton, i.e., the outer diameter of the 
workpiece 24 to be measured is digitally indicated. 
On the other hand, a synchronous motor 44 is syn 

chronously driven by an output of a synchronous sine 
wave oscillator 40, which generates sine waves in syn 
chronism with the clock pulse oscillator 34 and a power 
amplifier 42. So, the synchronous motor 44 rotates the 
polygonal rotary mirror 16 in synchronism with the 
continuous clock pulses CP fed from the clock pulse 
oscillator 34, whereby the measuring accuracy is main 
tained. 
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2 
The above-described high speed scanning type laser 

length measuring device has been widely utilized be 
cause the lengths, thickness and the like of moving 
workpieces and workpieces heated to a high tempera 
ture can be measured at high accuracies in non-contact 
relationship therewith. 
However, in the polygonal rotary mirror 16 in the 

above-described high speed scanning type laser length 
measuring device, a distance in the scanning direction 
from the reflecting point 16A to the optical axis 18A of 
the collimator lens 18 varies periodically during its 
rotation as enlargedly shown in FIG. 3, such a disad 
vantage is presented that the measuring accuracy var 

S. 

In contrast thereto, the rotary mirror 16 is formed 
into a single plane mirror, so that the distance from the 
reflecting point can be prevented from varying. How 
ever, the above-described single plane mirror is limited 
in the number of cycles of scanning the work to be 
measured by the laser beam, so that the averaged accu 
racy of the measured values cannot be improved. 

In consequence, in the above-described measuring 
device, it becomes inevitable to utilize the polygonal 
rotary mirror. 
As shown in FIG. 4, when an angle made by a rotary 

scanning light beam 17 and the optical axis of the lens is 
6, the collimator lens 18 is normally made to be a so 
called f lens wherein the light beam exiting from the 
collimator lens 18 is changed into a parallel scanning 
light beam 20 having a distance y=f6 (f is a focal length 
of the lens) from the optical axis of the lens. In order for 
the exiting light beam to become parallel to the optical 
axis of the collimator lens 18 as described above, it is on 
the assumption that the reflecting point of the laser 
beam 12 on the polygonal rotary mirror 16 is positioned 
at a focus Fl on the inlet side of the collimator lens 18. 
However, since a distance from the rotary center to 

the reflecting surface of the polygonal rotary mirror 16 
varies periodically as described above, the light beam of 
the collimator lens 18 on the outlet side is periodically 
shifted in angle relative to the optical axis of the lens. 
For this reason, the measuring accuracy varies. 
For example, in the case where the diameter d of a 

collimator lens 18 is 30 millimeter, the focal length f is 
90 millimeter and a normal distance R from the rotary 
center to the reflecting surface of the polygonal rotary 
mirror 16 is 9 millimeter, when a shift of the reflecting 
point on the incident optical axis is A and an inclination 
angle of an exiting beam to the optical axis of the lens is 
o, and if errors in measurement are 0.5 micrometer and 
1 micrometer, then a measurable range is shown in the 
following Table 1. 
As apparent from this table 1, if a measuring range is 

determined under a predetermined measuring errors 
tolerance, then a scanning angle 0 is determined. The 
size of the work to be measured is determined by an 
effective diameter of the collimator lens 18, whereby 
y=f6 becomes smaller in value than the effective diam 
eter of the lens. In consequence, over a predetermined 
measuring range, if the scanning angle 6 becomes small, 
then the focal length f of the collimator lens 18 should 
be increased. An increased focal length f of the collima 
tor lens 18 disadvantageously result in an increased size 
of the measuring device. 
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TABLE 1. 
Scan- Shift of Measuring 
ning Beam reflecting inclination age 
angle height point of beam 0.5 um l um 
8 y A C. Tolerance Tolerance 

2 3.1416 1.37 um 0.11 sec. 937.6 1875. 
4. 6.283 5.49 0.88 7.4 234.8 
6 9.424s 12.35 2.96 34.8 69.7 
8 12.5664. 21.98 7.03 14.7 29.3 
9.5° 14,9226, 31.02 11.79 8.7 17.5 

SUMMARY OF THE INVENTION 

The present invention has been developed to obviate 
the above-described disadvantages of the prior art and 
has as its object the provision of an optical measuring 
device wherein an influence on the measuring error 
exerted by a relative displacement of the reflecting 
point of the polygonal rotary mirror can be reduced to 
the minimum. 
To this end, the present invention contemplates that, 

in an optical measuring device which comprises a paral 
lel scanning light beam generator including a polygonal 
rotary mirror for reflecting an incident light beam from 
a beam generator into a rotary scanning light beam and 
a collimator lens for converting the rotary scanning 
light beam into a parallel scanning light beam, and a 
light receiving element for detecting bright and dark 
portions of the parallel scanning light beam, which has 
scanned a work to be measured, and a time duration of 
the dark portion or the bright portion is detected, which 
has been generated by the obstruction of a part of the 
parallel scanning light beam by the work to be mea 
sured interposed between the parallel scanning light 
beam generator and the light receiving element, to 
thereby determine a dimension of the work to be mea 
sured in the scanning direction, when an angle of rota 
tion of a normal line to a reflecting surface of the polyg 
onal rotary mirror with the optical axis of the incident 
light beam is 6/2 and a distance on the aforesaid normal 
line between the reflecting surface and the rotary center 
of the polygonal rotary mirror is R, the aforesaid colli 
mator lens is made to be an f6 lens having such a spheri 
cal aberration that a light beam incident upon the outlet 
side of the collimator lens and directed toward the po 
lygonal rotary mirror in parallel to the optical axis of 
the lens intersects the optical axis of the lens at a posi 
tion shifted from a focal point on the inlet side to the 
outlet side by A = R/cos(0/2) - R, on the inlet side. 

Further, according to the present invention, the colli 
mator lens is constituted by three lenses including a first 
lens, a second lens and a third lens having a negative, a 
positive and a positive focal lengths from the side of the 
polygonal rotary mirror, respectively, so that a neces 
sary lens performance can be obtained by a simplified 
Structure. 

Furthermore, according to the present invention, the 
incident optical axis of the light beam emitted directly 
or indirectly to the polygonal rotary mirror from the 
aforesaid beam generator and the optical axis of the 
collimator lens for converting the rotary scanning light 
beam of this light beam reflected by the polygonal ro 
tary mirror into the parallel scanning light beam are 
arranged to intersect each other at angles equal to each 
other from opposing directions with respect to a rotary 
plane perpendicular to a rotary center axis of the polyg 
onal rotary mirror, whereby an influence of a relative 
displacement of the reflecting point on the polygonal 
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4. 
rotary mirror is represented as a variation in a direction 
perpendicular to the scanning direction of the rotary 
scanning light beam and the parallel scanning light 
beam, so that the measuring error may be reduced. 

Additionally, according to the present invention, the 
incident optical axis and the optical axis of the collima 
tor lens are arranged to intersect the aforesaid rotary 
plane perpendicularly and disposed in one and the same 
plane incorporating the aforesaid rotary center axis, 
whereby the influence due to the relative displacement 
of the reflecting point on the polygonal rotary mirror 
appears in the largest scale in a direction perpendicular 
to the scanning direction, so that the measuring error 
may be minimized. 

In consequence, according to the present invention, a 
variation in the incident angle of the light beam incident 
upon the collimator lens due to a variation in the dis 
tance of the reflecting surface in the direction of the 
optical axis is absorbed by the spherical aberration of 
the collinator lens, so that the light beam exiting from 
the collimator lens can be constantly in parallel to the 
optical axis of the lens regardless of the variation in the 
distance from the reflecting point. With this arrange 
ment, the influence of the variation in the relative dis 
tance between the reflecting point of the light beam on 
the polygonal rotary mirror and the collimator lens to 
the measuring error can be considerably reduced by use 
of a simplified structure. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The exact nature of this invention, as well as other 
objects and advantages thereof, will be apparent from 
consideration of the following specification relating to 
the accompanying drawings, in which like reference 
characters designate the same or similar parts through 
out the figures thereof and wherein: 
FIG. 1 is a block diagram showing the conventional 

optical measuring device; 
FIG. 2 is a front view thereof; 
FIG. 3 is a plan view enlargedly showing the rela 

tionship between the polygonal rotary mirror, the inci 
dent optical axis thereof and the collimator lens in the 
conventional optical measuring device; 

FIG. 4 is a drawing of a light path showing the action 
of the ordinary f6 lens; 
FIG. 5 is a drawing of a light path showing the rela 

tionship between the angle of rotation and the variation 
of the reflecting point of the polygonal rotary mirror; 

FIG. 6 is a drawing of a light path showing the rela 
tionship between the variation of the reflecting point of 
the polygonal rotary mirror and the inclination angle of 
the light beam exiting from the collimator lens; 
FIG. 7 is a side view showing the collimator lens and 

the light path thereof in the optical measuring device 
embodying the present invention; 
FIG. 8 is a plan view enlargedly showing the essential 

portions of the optical measuring device embodying the 
present invention; 
FIG. 9 is a front view thereof; and 
FIG. 10 is a graphic chart showing f6 error and paral 

lelism error of the light beam exiting from the collima 
tor lens in the above embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Description will hereunder be given of one embodi 
ment of the present invention with reference to the 
drawings. Here, in this embodiment, the portions or 
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members same as or corresponding to those of the con 
ventional optical measuring device shown in FIG. 1 are 
depicted by the same reference numerals as the latter to 
avoid doubled description. 
As shown in FIGS. 5 through 9, according to this 

embodiment, in the optical measuring device similar to 
the one shown in FIG. 1, when an angle of rotation of 
a normal line 46A to the reflecting surface 46 of the 
polygonal rotary mirror 16 with the optical axis of the 
incident light beam 12 is 6/2 and a distance on the afore 
said normal line 46A between the reflecting surface 46 
and the rotary center 48 of the polygonal rotary mirror 
16 is R, the aforesaid collimator lens 18 is made to be an 
f8 lens having such a spherical aberration that a light 
beam incident upon the outlet side of the collimator lens 
18 directed toward the polygonal rotary mirror 16 in 
parallel to the optical axis-18A of the lens intersects the 
optical axis 18A of the lens at a position shifted from a 
focal point F1 on the inlet side to the outlet side by 
A =R/cos(6/2)-R, on the inlet side. 
As shown in FIG. 7, the collimator lens 18 in this 

embodiment is constituted by three lenses including a 
first lens 51, a second lens 52 and a third lens 53 having 
a negative, a positive and a positive focal lengths from 
the side of the polygonal rotary mirror 16, respectively. 

This collimator lens 18 has an angle of scanning 
0=9.5, the total system's focal length f=90 millimeter 
and an effective luminous flux d=30 millimeter, and the 
respective focal length of the lenses from the first to the 
third one are 4.8 plus or minus 0.51, 1.7 plus or minus 0.2 
and 1.6 plus or minus 0.2 times of the total system's focal 
length f, respectively. 

Additionally, the following table 2 shows radii of 
curvature, surface-to-surface intervals and refractive 
indexes of these three lenses 51 to 53. 
FIGS. 10 (A) and 10 (B) shown f6 error and parallel 

ism error of the light beam exiting from the collimator 
lens in this embodiment. 

TABLE 2 
Refractive index 

Radius of Surface-to-surface to wavelength 
curvature interval 632.8 nm 

First lens r = -360 d1 = 2.7 N = 1.61655 
r2 = 1004 d2 = 1.8 

Second lens r3 = 297 d3 = 3.8 N2 = 1.60102 
T4 = -70.3 d4 = 0.7 

Third lens r5 = 441.7 d5 = 5.0 N3 = 1.63775 
r = -119.6 

Additionally, as shown in FIGS. 8 and 9, in this em 
bodiment, the incident optical axis of the light beam 12 
directly or indirectly emitted into the polygonal rotary 
mirror 16 from a laser tube 10 as being the beam genera 
tor and the optical axis 18A of the collimator lens 18 for 
converting the reflected rotary scanning light beam 17 
of this light beam 12 by the polygonal rotary mirror 16 
into the parallel scanning light beam 20 are arranged to 
intersect each other at angles equal to each other from 
opposing directions with respect to a rotary plane 16C 
perpendicular to a rotary center axis 16B of the polygo 
nal rotary mirror 16. 
More specifically, the optical axis of the collimator 

lens 18 and the incident optical axis from a stationary 
mirror 14, both of which have heretofore been arranged 
in the rotary plane of the polygonal rotary mirror 16 as 
shown in FIG. 2, are arranged in the directions different 
from each other (from above and from below in FIG.9) 
with respect to the rotary plane 16C. 
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6 
In this embodiment, the stationary mirror 14 for re 

flecting the laser beam 12 emitted from the laser tube 10 
is disposed downwardly of the rotary plane 16C in the 
drawing and the collimator lens 18 is disposed up 
wardly of the rotary plane 16C, respectively, and the 
aforesaid incident optical axis and the optical axis of the 
collimator lens 18 are arranged to intersect the rotary 
plane 16C and disposed in one and the same plane incor 
porating the rotary center axis 16B. 

In consequence, in this embodiment, the distances to 
the reflecting point 16A from the stationary mirror 14 
and the collimator lens 18 are varied periodically by the 
rotation of the polygonal rotary mirror 16. However, as 
shown in FIG. 5, the influences due to the variations 
principally appear in directions (in the vertical direc 
tions in the drawing) perpendicular to the scanning 
direction of the rotary scanning light beam 17 and the 
parallel scanning light beam 20, so that the measuring 
error is considerably reduced. 

In this case, even if the parallel scanning light beam 
20 varies in the vertical direction, the work 24 to be 
measured is scanned and measured in a direction per 
pendicular to this variation, so that no influence occurs 
due to the variation in the vertical direction. 

Additionally, in the above embodiment, the incident 
optical axis of the laser beam 12 into the polygonal 
rotary mirror 16 and the optical axis 18A of the collima 
tor lens 18 have been arranged in the plane perpendicu 
larly intersecting the rotary plane 16C and incorporat 
ing the rotary center axis 16B, however, the present 
invention need not necessarily be limited to this, and 
such a case may be included that a plane incorporating 
the incident optical axis and the optical axis of the colli 
mator lens 18 intersects the rotary plane 16C at an angle 
smaller than 90 (excluding 0'). 

Notwithstanding, when the incident optical axis and 
the optical axis 18A are arranged in a plane perpendicu 
larly intersecting the rotary plane 16C, the influence of 
the intersection due to the relative displacement of the 
reflecting point 16A of the polygonal rotary mirror 16 
appears in the largest scale in the direction perpendicu 
lar to the scanning direction. Hence, the measuring 
error in this case is the least. 

Furthermore, in the above embodiment, the incident 
optical axis of the light beam 12 and the optical axis 18A 
of the collimator lens 18 are arranged to intersect at the 
angles equal to each other from opposing directions 
with respect to the rotary plane 16C of the polygonal 
rotary mirror 16, whereby the variation in the distance 
of the reflecting surface 46 of the polygonal rotary 
mirror 16 in the direction of the optical axis of the lens 
is reduced, and moreover, the variation in the distance 
of the reflecting surface in the direction of the optical 
axis of the lens is absorbed by the spherical aberration of 
the collimator lens 18. However, when the variation in 
the distance of the reflecting surface of the polygonal 
rotary mirror 16 in the direction of the optical axis of 
the lens can be absorbed only by the spherical aberra 
tion of the collimator lens 18, it is not necessary that the 
incident optical axis of the light beam 12 and the optical 
axis 18A of the collimator lens 18 are arranged to inter 
sect each other at the angles equal to each other from 
the opposing directions with respect to the rotary plane 
16C. 

Furthermore, the collimator lens 18 in the above 
embodiment has been constituted by the three lenses 51, 
52 and 53 of the specifications as shown in Table 2, 
however, the present invention need not necessarily be 
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limited to this, the number of constituent lenses, the 
focal lengths and the like of the collimator lens may be 
optional only if the collimator lens has a spherical aber 
ration which can absorb the variation in the distance of 
the reflecting surface of the polygonal rotary mirror 16 5 
in the direction of the optical axis of the lens. 
What is claimed is: 
1. An optical measuring device wherein: 
said device comprises a parallel scanning light beam 

generator including a polygonal rotary mirror for 10 
reflecting an incident light beam from a beam gen 
erator into a rotary scanning light beam and a colli 
mator lens for converting said rotary scanning light 
beam into a parallel scanning light beam, said ro 
tary scanning light beam being incident upon an 15 
inlet side of the collimator lens and said parallel 
scanning light beam exiting from an outlet side of 
the collimator lens, said collimator lens having a 
focal point between said inlet side and said polygo 
nal rotary mirror for light passing through said 20 
collimator lens from the inlet side to the outlet side, 
and 

a light receiving element for detecting bright and 
dark portions of said parallel scanning light beam, 
which was scanned a work to be measured, and 25 

a time duration of the dark portion or the bright por 
tion is detected, which has been generated by the 
obstruction of a part of said parallel scanning light 
beam by said work to be measured interposed be 
tween said parallel scanning light beam generator 30 
and said light receiving element, to thereby deter 
mine a dimension of said work to be measured in 
the scanning direction; 

characterized in that when 6/2 is an angle of rotation 
between a normal line to a reflecting surface of said 35 
polygonal rotary mirror and an optical axis of the 
incident light beam and R is a distance on said 
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8 
normal line between the reflecting surface and a 
rotary center of said polygonal rotary mirror, said 
collimator lens is an f6 lens having a spherical 
aberration such that a light beam incident upon the 
outlet side of said collimator lens and directed 
toward said polygonal rotary mirror parallel to an 
optical axis of said collimator lens intersects the 
optical axis of said collimator lens at a position 
shifted from said focal point an amount A, wherein 
A = R/cos(6/2)-R. 

2. An optical measuring device as set forth in claim 1, 
wherein said collimator lens is constituted by three 
lenses including a first lens, a second lens and a third 
lens having a negative, a positive and a positive focal 
lengths from the side of said polygonal rotary mirror, 
respectively, said first lens comprising the inlet side of 
the collimator lens, said third lens comprising the outlet 
side of the collimator lens and said second lens being 
positioned between the first and third lenses. 

3. An optical measuring device as set forth in claim 1, 
wherein the optical axis of the incident light beam emit 
ted directly or indirectly to said polygonal rotary mir 
ror from said beam generator and the optical axis of said 
collimator lens for converting the rotary scanning light 
beam of said light beam reflected by said polygonal 
rotary mirror into said parallel scanning light beam are 
arranged to intersect each other at angles equal to each 
other from opposing directions with respect to a rotary 
plane perpendicular to a rotary center axis of said po 
lygonal rotary mirror. 

4. An optical measuring device as set forth in claim 1, 
wherein the optical axis of said incident light beam and 
the optical axis of said collimator lens are arranged to 
intersect a rotary plane perpendicularly and are dis 
posed in a common plane which contains a rotary cen 
ter axis of said polygonal rotary mirror. 
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